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A chemical dump site adjacent to the Danish North Sea (megasite Kær-
gård Plantage, Denmark) holds a variety of compounds from pharma-
ceutical production including pharmaceutical constituents (sulfonamides, 
barbiturates, aniline, pyridine), BTEX, chlorinated solvents and metals 
(copper, lead, mercury, etc.). 
In situ chemical oxidation using modified Fenton’s reagent (MFO)    
(H2O2 + chelated Fe2+) followed by enhanced reductive dechlorination 
(ERD) was tested as a groundwater remedy on a pilot scale. 
Monitoring was done by collecting groundwater samples from two depths 
prior to, during and after treatment, which were analyzed for toxicity,
chemical concentration and other parameters.
Organisms exposed to the mixture will react to all contaminants present 
and, consequently, the toxic effect will represent a sum effect. In contrast, 
chemical analyses yield information on individual or known groups of 
chemicals, but not necessarily all the present compounds. 
Introduction
Objective: Evaluation of feasibility, effectiveness and impact of sequential 
treatments (treatment train) using bioassays with toxicity testing &
chemical analyses 
Aim: Evaluation of toxicity testing as a sensitive tool to measure whole 
impacts of complex sources to groundwater and surface water
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Objective & Aim
Results & discussion
Methods
Conclusions & outlook
 Bioassays especially with marine organisms are relevant for the area; 
the marine diatom  (algae) Skeletonema costatum and the copepod  
(crustancean) Acartia tonsa revealed most sensitive 
 Tested organisms reacted differently to contamination (different 
sensitivities of Skeletonema costatum and crustaceans Acartia tonsa)
 Injections of MFO lead to mobilization of some metals which might be 
the main reason for the observed higher toxicities
 Injections of MFO also increased concentrations of some chlorinated 
solvents and BTEXs at both depths
 Statistical analyses, testing for correlations between measured 
concentrations and observed toxicities will be done
 Additional tests to identify the most significant toxicants will include 
stripping of samples (to remove chlorinated solvents by aeration) and 
chelating of metals (EDTA)
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Evaluation of biotests: example
CRUSTACEAN TEST, Acartia tonsa acute test 48 hrs (well M2, 3.5-5.5 m bgs)
Result: 
LC50 = 0.66 %
 i.e. 150 times  dilution
TU = TOXIC UNIT
1 L needs to be diluted with 150 L of water 
to reduce toxicity to a level equaling LC50
 1 L holds 150 toxic units (TU) based on 
the LC50 (high number:  high toxicity)
Results from well M3, upper depth (3.5-5.5 m below surface)
 After MFR injections: temperature increased and pH decreased, 
leading to metal dissolution; dissolved oxygen concentration 
increased and was partly consumed after injections indicating that 
chemical oxidation was taking place
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a) Concentrations of chlorinated solvents versus toxicity (toxic units TU)
(i) EC50 (growth inhibition) of algae
(Skeletonema costatum)
(ii) LC50 (letality) of crustacean
(Acartia tonsa)
b) Concentrations of metals versus toxicity (toxic units TU)
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